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CHAPTER I 
INTRODUCTION 
If there existed an accurate predictor of a crop's 
storageability, significant losses might be averted and 
significant profits might be gained. A sound lot of fruit 
which maintains desirable eating quality after 5 or more 
months of storage is a lucrative investment since the crop 
value increases at that time of year. Conversely, when the 
fruit are unmarketable because of storage disorders, 
investments in storage space and in operation are lost, as 
well as the crop itself. 
Even with the advent of sophisticated storage systems 
which effectively slow senescing processes, post-harvest 
physiological disorders still occur. These maladies, 
exacerbated by senescing processes, are probably a function 
of the fruit's preharvest condition (9,10,33). Although 
several environmental and cultural factors contribute to a 
crop's storage potential, the fruit's mineral nutrient 
status is perhaps most significant in understanding some 
storage losses. 
New England's main apple cultivar, McIntosh, can and 
often does, develop a variety of storage disorders: 
Senescent breakdown, rot, bitter pit, and surface scald 
(52). The first two internal disorders impair the eating 
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quality of the fruit while the latter two are external 
disorders which impair the fruit's appearance. 
According to Smock (43), there are several types of 
old age breakdown, however he defines McIntosh breakdown as 
a problem peculiar to that cultivar. One side of the fruit 
becomes very soft, something less than 14 newtons of 
firmness. There is then further softening of the fruit and 
browning of the flesh until the entire apple becomes mealy. 
Senescent breakdown, on the other hand, has long been seen 
in overstored McIntosh as well as other cultivars. With 
this disorder, mealiness usually precedes any browning of 
the flesh. Although this work deals with senescent 
breakdown, high incidence of either disorder has been 
linked to low Ca concentrations within the fruit (43). 
The occurrence of rot also impairs the eating quality 
of the fruit and has been indirectly related to low Ca 
concentrations in the fruit (53). Patches of degraded 
cells, often affected by breakdown, are avenues for fungal 
penetration and colonization. Although a variety of fungi 
are responsible for the disorder, McIntosh are primarily 
attacked by Penicillium (53). 
Bitter pit development, like the development of 
breakdown and to some extent rot, has been associated with 
Ca-deficient tissue (19,32,33,45,47), however the fruit's 
eating quality is usually not greatly affected. Being 
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compartmentalized, the disorder appears as small, dry 
lesions; the peel over this tissue often retains a greener 
color than does the surrounding peel. From past and 
present data, McIntosh apples do not seem to be 
particularly prone to high incidences of bitter pit (53). 
Superficial scald does affect McIntosh quite seriously 
and, like bitter pit, does not impair the eating quality of 
the fruit. Scald has been positively correlated to fruit 
which are harvested early and/or to fruit which have high K 
and N concentrations (1,39). For susceptible cultivars, 
post-harvest anti-scald dips are routinely applied and 
usually control the disorder. 
Since preharvest mineral nutrition is intimately 
associated with post-harvest disorders, attempts have been 
made to quantify these relationships. For assessing a 
crop's storageability, arbitrary prediction formulas based 
on preharvest mineral analyses have been, to some extent, 
used commercially in England, New Zealand, and South Africa 
(7,33,35). However, further work using reliable, less 
arbitrary preharvest indices are needed to improve 
predictive accuracy of these formulas. 
With this in mind, the objectives of this work were to 
determine: (1) if the effects of fruit maturity on 
prediction of storage disorders could be quantified; (2) 
the extent to which fruit size affects mineral 
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concentrations and thus, affects prediction; (3) if 
microelement concentrations affect the prediction of 
storage disorders. Although equations were derived for 
each disorder mentioned above, emphasis was placed on 
senescent breakdown prediction. 
CHAPTER II 
LITERATURE REVIEW 
Senescent breakdown has been associated with low Ca 
levels since the experiments of Carman and Mathis in 1956 
(19). Low levels of Ca do not just promote storage 
disorders, however, since blossom end rot in tomatoes and 
peppers, black heart of celery, cracking of prunes, and tip 
burn of lettuce have all been linked to Ca deficiencies 
(32) . 
Light and electron micrographs of various Ca deficient 
tissues have revealed that low Ca levels affect membrane 
integrity. Marinos, in his work with the shoot apex of 
barley seedlings, observed progressive disorganization of 
cellular structures (30). Initially, the nuclear membrane 
became vesiculated with large gaps, and this was followed 
by breaks in the plasmalemma and the tonoplast. Finally, 
disorganization extended across the cells leaving only 
traces of fragmented membranes. Effects of Ca deficiency 
on the cell wall are not clear. Observations by Fuller 
(18) suggested that maintenance of the cell wall was 
contingent, at least to some extent, upon Ca cross linkage 
with components in the middle lamella. Others (21), 
however, have shown that even with considerable disruption 
within Ca deficient tissues, intregity of the cell wall and 
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the middle lamella was maintained. 
Although the structural effects of Ca deficiency on 
cells have been elucidated, considerably less is known 
about the biochemical reactions underlying these 
Ca-membrane interactions. 
Rojas and Tobias (38) have shown that Ca interacts 
with phospholipids and neutral lipids in vitro, even in the 
presence of K and Na in high concentrations. Furthermore, 
in the study of the permeability of phosphatidyl serine 
liquid crystals to monovalent ions, Ca at above 1 itiM was 
found to substantially increase the diffusion of K and Na. 
Others believe that the binding of Ca to cholesterol or 
specially arranged carboxyl groups modify the pore radius 
or trigger conformational changes within the membrane 
leading to varying degrees of permeability of K and Na (3). 
When discussing selective ion uptake, the Ca-membrane 
relationship must be considered. An approach often taken, 
vdiich more clearly defines the role of Ca in selective ion 
absorption, involves EDTA treatments. Hyde, et al. (22) 
showed that by chelating Ca with EDTA, the cell did not 
absorb chloride or phosphate. Further, impaired uptake of 
phosphate, nitrate, chloride, and bromide had been 
demonstrated in Ca deficient barley root tissue (22). 
Calcium ions are not only important in maintaining 
membrane integrity and ion uptake, but are also active in 
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catalyzing enzymes. Calcium can specifically bind to about 
70 different proteins but because the Ca concentration in 
the ground cytoplasm is so low. the affinity of most 
cytosol enzymes might be too low to be effective (3). 
Therefore, membrane bound enzymes, which are rich in Ca at 
least on one of their surfaces, may be more physiologically 
important (3). The ATPases, which are membrane bound 
enzymes, are thought to be influenced by Ca concentrations 
(2). Additionally, Ca ions in some cases can directly 
drive ATP synthesis in a reaction that is reversible when 
Ca levels are low (8). 
Thus, effects of Ca in maintaining membrane integrity, 
selective ion uptake, and certain membrane systems are 
clear, whereas the mechanisms by which Ca accomplishes 
these functions are not. 
Two primary reasons explain why low Ca levels, which 
are largely responsible for cellular and subcellular 
maladies, are inherent in fruit tissue. First, since Ca 
moves in the xylem by ion exchange reactions in concert 
with the transpiration stream (4), a plant organ such as a 
leaf, which has a high surface-to-volume ratio, is 
transpirationally adaptive and receives more Ca. Fruits, 
on the other hand, have a low surface-to-volume ratio, 
transpire less, and consequently, receive less Ca. This is 
especially true as the fruit enlarges (20). 
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Small young fruit at the stage of rapid cell division, 
approximately 6 to 8 weeks after full bloom, receive most 
Ca via the transpiration stream (16). With the 
commencement of rapid growth and cell enlargement, however, 
import of assimilates through the phloem increases rapidly. 
Thus, the second reason for low Ca levels in fruits is a 
result of this phloem import; Ca is relatively immobile in 
the phloem (2,36,54). 
Just as Ca transport gradients into the fruit exist 
during a growing season, Ca gradients within a fruit flesh 
exist shortly before harvest and during the post harvest 
life. At the time of harvest, Ca levels are greatest 
within the core region; the levels drop proceeding towards 
the outer flesh. Additionally, the outer flesh of the stem 
end of the fruit harbors more Ca than does the outer flesh 
of the calyx end of the fruit (7). These phenomena may be a 
result of calcium's relative immobility. Upon entering the 
fruit in the core, Ca is immediately integrated into cell 
walls and cell membranes (32), or is complexed with oxalic 
or other organic acids (2). When many of those sites have 
been filled, the remaining Ca can then apoplastically move 
outward. Usually there are more sites in the fruit's flesh 
than can be filled by Ca ions: Knee (24) showed that there 
was a low degree of cell wall saturation by most Ca 
treatments, even foliar sprays. Additionally, there is 
9 
less Ca in the calyx end of the core to start with, perhaps 
because the incoming Ca becomes quickly integrated into the 
available sites nearest to the pedicle. 
Whatever the case, the lowest Ca level and the highest 
incidence of senescent breakdown and bitter pit are 
manifested in the calyx end of the fruit (7,27). It is for 
this reason that flesh samples taken from the calyx end 
directly beneath the peel are most sensitive in predicting 
the incidence of a Ca-related storage disorders (52). 
During storage, migration of Ca from the core outward 
occurs; in fact, up to 50% of the Ca from the core can be 
redistributed (7). As the fruit senesces, perhaps the Ca 
bound to pectate or oxalate in the interior part of the 
fruit is released and thus, is free to move outward to 
other available sites. It seems doubtful that this Ca 
efflux during post-harvest life could ameliorate disorder 
incidence. 
Even though Ca occupies the center stage in linking 
mineral nutrition to storage disorders. Mg, K, P, and N 
also have roles, if only in how their levels affect Ca 
uptake, distribution, and utilization. 
High rates of Mg act antagonistically to the uptake of 
Ca and K, although this is generally not a problem in the 
northeastern U.S. (10). When Mg is in short supply, 
metabolic functions within the fruit could be impaired 
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since Mg is a cofactor for nearly all enzymes which act on 
phosphorylated substrates (15). On the other hand, when Ca 
levels are low, Mg can substitute for Ca in the middle 
lamella and cell membranes; thus, an effect on cellular 
integrity may result (26). 
Like Ca concentrations. Mg concentration gradients 
within the fruit exist, however Mg levels are higher in the 
calyx cortex where breakdown and bitter pit are more 
prevalent (44). During storage of Cox's Orange Pippin, 
Perring (33) found that Mg migrates toward the core, 
perhaps in response to Ca migrating to the outer portions 
of the fruit (7). Conversely, in work using the flesh 
beneath the peel in both sound and bitter-pitted Golden 
Delicious fruit, Terblanche, et al. (45) found that in the 
sound apples, both the stem and the calyx ends showed an 
increase in Mg concentration during storage. In 
bitter-pitted apples, however, the stem end showed a 
decreasing and the calyx end an increasing trend in Mg 
concentrations during storage. Additionally, Simon (40) 
has postulated that instead of considering bitter pit to be 
caused by a localized Ca deficiency, it may be more 
accurate to say that bitter pit is due to Mg toxicity (or 
an unfavorable Mg/Ca ratio (44)). 
Excessive K levels, like excessive Mg levels, will 
exacerbate Ca deficiencies. This is illustrated by the 
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fact that when fruit with bitter pit and scald were 
compared with sound apples, higher K concentrations 
occurred in all parts of the bitter-pitted and scalded 
fruit (45). All fruit, regardless of physiological state, 
contained more K in the calyx end that in the stem end in 
the outer fruit flesh (45). During storage, however, the K 
concentration lessened in the periphery of the fruit as 
redistribution toward the core took place (28). Perhaps K 
is being displaced from outer tissue by migrating Ca ions 
(44) . 
When considering Ca, Mg, and K interactions in the 
fruit, Bangerth (3) suggested that Mg and K are cations 
which antagonize Ca deficiency perhaps because the 
concentrations of Mg and K are high enough in the fruit to 
compete with Ca. Critical calcium concentrations for Ca 
disorders have been established within the fruit (29), 
however these levels do not directly take into account the 
influence of Mg and K. For this reason, some researchers 
(12,17,19,28,47) prefer to use mineral ratios within the 
fruit which more accurately describe the status of the 3 
elements; the best results seem to employ K+Mg/Ca for 
predicting the incidence of bitter pit. 
This does not mean that N and P concentrations do not 
affect the incidence of disorders. Nitrogen, in excess, 
has long been known to promote heavy vegetative growth. 
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delayed bloom, soft and large fruit due to increased 
synthesis of parenchyma cells, and increased injury 
susceptibility from insects (15). Therefore, it is not 
surprising to find higher concentrations of N in fruits 
with bitter pit and senescent breakdown. Also not 
surprising is the fact that N uptake, while being 
positively correlated to K and Mg uptake, is negatively 
correlated to Ca uptake (16). It should be noted however, 
that in contrast to the response of fruits, N generally 
increased the CEC of various plant roots and in doing so, 
led to increases in Ca accumulation. These higher Ca levels 
have been seen in citrus leaves and certain cereal crops 
(14). Unlike K and Mg concentrations, N concentrations are 
higher in the stem end and lower in the calyx end of the 
fruit with little redistribution occurring during storage 
(45). 
While the role of P concentrations in the fruit are 
not clearly understood in relation to breakdown incidence, 
Bramlage, et al. (10,44) have found in McIntosh that high P 
concentrations were positively correlated to internal 
senescent breakdown and bitter pit. Conversely, in other 
parts of the world, P deficiency may be contributing to 
increased deterioration of apples during storage (39). 
Striking differences between sound and affected fruit 
occurred in the outer fruit flesh; P concentrations in both 
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the stem and calyx ends in affected apples were 
significantly higher than those in sound apples (44). In 
all fruit, P was higher in the calyx end's outer flesh. 
Considering the relationship between mineral nutrition 
and apple storage life, the question arose as to whether or 
not storage life could be predicted from mineral analyses. 
The first prediction formula, developed at East Mailing for 
Cox's Orange Pippin incorporated the sum of N and Ca 
concentrations at harvest plus values for K/Ca, P/Ca, and 
Mg/Ca ratios. The sum was then multiplied by a fruit size 
factor, a tree age factor, and a maturity or harvest time 
factor (35). The prediction rating ranged from 0 to 75; 
the higher the number, the poorer the storage potential. 
Using this arbitrary system, the British began to 
commercially predict the storage potential for apples, 
although accuracy of the system has not been established. 
After applying the formula to McIntosh fruit in 
Massachusetts, poor results made it apparent that revisions 
were needed (10). Since the formula derived in Britain was 
an arbitrary one, its factors reflected the conditions 
there; in New England, the conditions, particularly the 
nutrient concentrations, were quite different. With this 
in mind, a more quantitative approach was taken (10). 
Apple flesh strips from the calyx region taken 2 weeks 
before harvest (10) were used to determine Ca, Mg, K, N, 
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and P concentrations. Bushels of fruit which corresponded 
to the flesh samples were placed in both air and CA storage 
at normal harvest. With disorder data serving as dependent 
variables and mineral concentrations serving as independent 
variables, regression equations which predicted storage 
potential were generated (10). This statistical approach 
did not include variables which accounted for fruit 
maturity, fruit size, or microelement concentrations. 
Often, maturity of fruit is measured by fruit 
firmness, total acids, soluble solids and/or starch level. 
Fruit firmness is a poor maturity index and thus, 
correlates poorly to mineral concentrations and the the 
incidence of disorders (10,53). These poor correlations 
exist because firmness not only reflects maturity, but also 
reflects fruit size and probably a variety of environmental 
factors (10). Additionally, much variation can exist among 
firmness readings when they are conducted among several 
investigators since techniques differ. The better 
candidates for assessing maturity are changes in total 
acids, soluble solids, and starch levels since decreases in 
titratable acidity and starch levels, and increases in 
soluble solids are more direct biochemical predictors of 
the maturation process (11,37,41). 
Unlike the maturity indices, very little work has been 
done in assessing the effects of micronutrient levels on 
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prediction. However, there is some evidence suggesting 
that the major function of Ca in plant nutrition is in 
ameliorating heavy metal toxicities and without such 
toxicities, the Ca requirement would be decreased 
considerably (49). Disorders in fruits which are related 
to Ca levels may be instead, excesses of heavy metals. 
Whether or not Ca functions as a micronutrient in 
fruits as it does in some microorganisms is not certain 
(49), however, micronutrients, especially B, affect Ca 
requirements for plants. When B is in low supply, the 
translocation of Ca may be impaired. Some researchers (13) 
feel that the Ca/B ratio is very important since boron 
deficiency can result when this ratio is altered by 
increasing Ca or B concentrations. Relationships between B 
and phosphate, B and K, and B and sugar content have also 
been established (6). 
Much less is known about the effects of Zn, Mn, Fe, 
and A1 concentrations. There have been suggestions that Zn 
synergistically affects penetration and accumulation of Ca 
into the fruit when incorporated as ZnCl2 in a postharvest 
dip (46). Additionally, Zn sprays have been shown to 
decrease levels of oxalate-bound Ca in fruit (39). For Mn, 
apple leaves are known to be particularly sensitive to 
deficiencies (25), but not much is known about the fruit. 
There does seem to be a rather complicated Mn-Fe antagonism 
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which is not widely accepted, however (15). Iron 
deficiencies are largely manifested in substandard 
mitochondria (49). 
In conclusion, it can be seen that each independent 
variable (or element) may affect the requirements of one or 
more of the other elements. These interrelationships 
involve one or another of the following processes: the 
influence of one element on the availability, uptake, and 
rate of absorption of another element; influence on cell 
physiology which would require increasing amounts of 
another element; or influence on the chemical status of an 
element making it unavailable to the growth process (5). 
Predicting storage disorders quantitatively is seemingly 
best at describing the first of these processes. 
CHAPTER III 
MATERIALS AND METHODS 
Experiment One 
Eighteen McIntosh trees on M7 rootstocks within a 
block were selected at the Horticultural Research Center in 
Belchertown, Massachusetts. To create a range of Ca 
concentrations among the trees, the following treatments 
were applied. Six trees received 4 sprays of CaCl2 applied 
during 2 week intervals beginning 2 weeks after petal fall; 
6 trees received 7 sprays of CaCl2 applied once every 2 
weeks beginning 2 weeks after petal fall; 6 trees served as 
the control with no additional Ca applied. In a dilute 
spray, CaCl2 was applied at a rate of 8 Ibs/acre through 
mid-July, and 10 Ibs/acre after mid-July. 
Fruit samples for analysis and storage were gathered 
on different harvest dates. Twenty fruit between 2.7 and 
2.8 inches in diameter were randomly picked from each tree 
on 28 August, 7 September, 14 September, and 22 September 
in 1981. These 20 fruit were assessed for firmness, starch 
content, soluble solids, total acids, and mineral 
concentrations. In addition, one bushel of fruit was taken 
from each tree for the last 3 harvest dates. These fruit 
were placed in air storage at 0°C until 11 February. After 
17 
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1 week at 24°C, the fruit were assessed for disorders. 
Fruit Firmness. Following harvest on 14 and 22 
September, firmness was measured by a Magness-Taylor 
pressure tester. Readings were taken on both the red and 
the green sides of 5 fruit per tree per date. A mean 
firmness reading was then determined. 
Starch Determination. Again, with 5 fruit per tree on 
all 4 harvest dates, starch content was assessed. The 
apples were cut in half equatorially through the core; the 
stem end was dipped into an iodine solution as described by 
Smith et al. (41). Using a numerical scoring system (41) 
starch levels were determined. A fruit could be scored 
from 1 to 9 and these scores were used to judge maturity. A 
score of 1 through 3 indicated an immature fruit; 4 through 
6 indicated a mature fruit; and 7 through 9 indicated an 
overmature fruit. As with firmness data, means were 
determined for each tree. 
Solids and Total Acids. For each of the 4 harvest 
dates, fruit flesh samples obtained by an apple slicer of 
the 20 fruit per tree not used for other analyses were 
composited. The flesh samples (5 slices per apple) were 
run through an Acme juicerator (Lemoyne, PA). From the 
liquid obtained, soluble solids were determined with a hand 
refractometer while total acids were determined by 
titrating 20 ml of the juice to pH 7 with O.lN NaOH. 
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Mineral Analyses. Using a White Mountain apple 
peeler, a single flesh strip from the calyx end of the 
fruit was obtained from each apple, after the peel was 
removed. The 20 flesh strips, representing fruit from one 
tree, were composited. 
The sets of samples, placed in labelled bags, were 
completely frozen at 0°C overnight. While still frozen, 
the samples were chopped into small pieces with a stainless 
steel knife, put into labelled cardboard lids, and dried in 
a forced air oven at 70°C for at least one week. Grinding 
each dried sample with a Wiley Mill through a mesh screen 
(20 units to the inch) produced a homogeneous powder which 
was stored in a labelled envelope. Ultimately, there were 
18 samples per harvest date, or 72 samples for all 4 
harvest dates. 
Two grams of sample were weighed into quartz crucibles 
and dry ashed in a muffle furnace. Over 6 hours, the 
temperature was gradually brought up to 500®C where it 
remained for about 18 hours. When the crucibles had 
cooled, to each a few drops of distilled deionized water 
were added, followed by 5 ml of 5N HCl. The solutions were 
then transferred into 25 ml volumetric flasks. Distilled 
deionized water was used to thoroughly rinse the crucibles 
and used to bring the solutions to volume. These samples 
were analyzed for Mn, Zn, Fe, and Al concentrations by an 
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Instrumentation Laboratory Atomic Absorption 
Spectrophotometer in the Soil and Plant Nutrition 
Laboratory at the University of Massachusetts. 
Dilutions from the original samples (2g in 25ml) were 
made to determine other elemental concentrations. For Ca, 
5 ml samples of the original solution, along with 2 ml of 
10% La, were contained in 25 ml volumetric flasks. 
Distilled deionized water brought the samples to volume. 
Magnesium and K analyses required further dilution of 
the above Ca samples. One ml of sample, 2 ml of La and 2 
1/2 ml of 0.1% Na were contained in each 25 ml flask prior 
to bringing the samples to volume. The same dilution regime 
was used for P analysis, however reagents as described by 
Wallanbe, et al. for the ascorbic acid method of 
determining P in water extracts (50) were added to each 
flask. Moreover, P concentrations were determined on a 
Zeiss PMQII spectrophotometer while Ca, Mg, and K 
concentrations were determined on an atomic absorption 
spectrophotometer. 
Nitrogen concentrations were determined by the 
micro-kjeldahl method. Accurate and reproducible results 
were obtained from 0.5g flesh samples. Nitrogen analyses, 
as well as all other analyses, were done in duplicate. 
Disorder Assessment. In early February, bushel boxes 
of apples corresponding to each tree from the last 3 
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harvest periods were removed from air storage. Firmness 
readings were taken in the same manner as was described 
above. 
After the 54 boxes had remained in a room heated to 
24°C for one week, all fruit were assessed. Each fruit per 
box was examined for senescent breakdown, rot, scald, and 
bitterpit. These data were then expressed as percentages 
per tree. 
Statistical Analysis. The experimental design 
involved a randomized split plot with the split plot being 
the harvest periods. The whole plot included the 18 trees, 
6 replicates per each of 3 Ca treatments. Using the BMDP2V 
statistical package, an analysis of variance was performed 
on all data obtained. 
With the disorder data serving as the dependent 
variables, and the maturity data (including firmness, 
starch, soluble solids, and total acids) and the mineral 
concentrations serving as the independent variables, 
step-wise multiple regression equations were developed. 
SPSS, or statistical package for the social sciences, was 
used to obtain these prediction equations (23). 
Experiment Two 
Within another block, 10 McIntosh trees on seedling 
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rootstocks were selected. At normal harvest, uniform fruit 
of 3 different sizes from each tree were sorted from 
harvested lots. Using a fruit sizer, samples of 2.7 to 2.8 
inches, 2.9 to 3.0 inches, and 3.1 to 3.2 inches in 
diameter were collected. 
From each of 10 trees, 20 fruit per size were taken 
for firmness readings and mineral analyses. Moreover, a 
bushel of fruit for each of the 3 sizes from each tree was 
placed in air storage at 0°C until early February. 
Firmness data and disorder data were taken in the same 
manner explained in Experiment I. 
Samples were prepared for mineral analysis essentially 
as described in the first experiment. However, since 
microelements were not determined, 1.10 g of dried sample 
was wet ashed. To each sample, 4 ml of HNO^f and 3 ml of 
HCIO^ were added in a 100 ml volumetric flask; distilled 
deionized water was then used to bring the volume to 110 
ml. 
For Ca analysis, 15 ml of sample and 2 ml of 10% La 
were placed in a 25 ml volumetric flask. For Mg and K 
analyses, 1 ml of the original solution plus 2 ml of La and 
2 1/2 ml of 0.1% Na were placed in 25 ml volumetric flasks. 
All samples were brought to volume with distilled deionized 
water. As in Experiment I, P concentrations were 
determined by the same methods and dilution regime. All 
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instrumentation used was as previously described, as was 
the method for N determinations. All analyses were run in 
duplicate. 
Statistical analyses were performed very similarly to 
the methods mentioned earlier. The experimental design 
here, however, was that of a randomized complete block with 
the 3 sizes serving as treatments and the 10 trees serving 
as replicates. Statistical differences were established by 
BMDP2V, while prediction equations were derived by 
step-wise multiple regression via SPSS. 
Experiment Three 
In 1980, 20 fruit samples were collected from 44 
commercial orchards thoughout Massachusetts 2 weeks before 
the start of normal harvest. Fruit were sampled for 
mineral analyses, and samples were prepared as described 
above. Samples were analyzed for Ca, Mg, K, P, Zn, B, Mn, 
Al, Cu, and Fe concentrations. One gram of sample was dry 
ashed in the manner described in Experiment I. The ashed 
sample, 2 ml of 5N HCl, and distilled deionized water 
filled a 10 ml centrifuge tube. The analyses were 
completed by an ARL quantometric analyzer emission 
spectrophotometer at The Pennsylvania State University. In 
1981, the samples from Experiment 1 (2g in 25ml) were also 
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analyzed at the same facility for the same elements. 
Nitrogen concentrations and disorder percentages for both 
years were also determined as described above. 
As above, regression equations were derived by SPSS 
with the mineral concentrations serving as the independent 
variables and the disorder percentages serving as the 
dependent variables. 
Although not a separate experiment, the effects of 
fruit diameter as a fruit size index, and fruit starch 
content as a maturity index on the prediction of senescent 
breakdown were examined. To test the effect of both fruit 
size and fruit maturity in one equation, data for mineral 
concentrations, diameter measurements, and amount of 
senescent breakdown from stored fruit from Experiment II 
were used. Starch levels had also been determined on these 
fruit at normal harvest by methods described in Experiment 
I. 
Using the mineral concentrations, the fruit diameter 
measurements, and starch scores as independent variables, 
and the percent breakdown in post-storage life as the 
dependent variables, step-wise multiple regression 
equations were derived. In addition to the prediction 
equation, SPSS enabled coefficients of determination to be 
obtained. 
CHAPTER IV 
RESULTS 
Experiment One 
Mean values for apple maturity indices (Table 1) show 
that all of them changed during the harvest period: 
titratable acidity declined 23%; soluble solids increased 
26%; the starch score increased 43%; and fruit firmness 
declined 9%. Mean values for mineral concentrations 
declined with time for all elements except Fe and Al, the 
levels of which markedly increased during the second and 
third harvest periods. Senescent breakdown and scald 
incidences occurred predictably (11,13); the incidence of 
breakdown increased with time (66%) while the incidence of 
scald decreased with time (87%). Although the amount of 
rot after storage decreased with later harvest, all 
occurrences were small. The occurrence of bitter pit never 
exceeded 1%, hence bitter pit data were subsequently 
disregarded. 
These differences in mean values for the maturity 
indices, mineral concentrations, and physiological 
disorders are statistically documented in Table 2. 
Analysis of variance showed that the treatment effect, made 
up of 3 CaCl2 spray regimes, was highly significant only in 
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TABLE 2. Analysis of variance for maturity indices, mineral 
concentrations, and physiological disorders of McIntosh 
apples. 
Variable Treatment 
F value^ 
Period 
F value^ 
TP 
interaction 
Titratable 
Acidity 0.42 14.52** 2.98 
Soluble Solids 0.17 98.80** 1.34 
Starch 0.23 142.23** 1.42 
Fruit Firmness 0.01 22.43** 1.65 
Calcium 10.20** 5.30* 1.17 
Magnesium 1.99 38.08** 1.97 
Phosphorus 1.52 104.65** 1.09 
Potassium 0.11 53.54** 0.83 
Nitrogen 0.31 35.49** 0.57 
Boron 0.32 8.50** 2.09 
Iron 3.42 14.69** 0.89 
Manganese 0.13 5.76** 1.22 
Aluminum 0.30 3.71* 0.38 
Zinc 0.69 3.50 1.20 
Breakdown 3.13 16.62** 0.72 
Rot 2.98 2.38 1.46 
Scald 1.36 34.21** 0.33 
Bitter pit 0.24 0.74 0.46 
^ Treatments = 0, 81bs, lOlbs CaCl2 
^ Period = harvest dates at weekly intervals 
*,** significant at 5% and 1% level, respectively. 
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the case of the fruit Ca concentration. These treatments 
had no influence on any of the other factors. The period F 
values, (which are indicative of 4 harvest dates for 
mineral concentrations, 2 harvest dates for fruit firmness, 
and 3 harvest dates for the disorders) were: (a) highly 
significant for all maturity indices; (b) highly 
significant for all mineral concentrations, except for Ca 
and Al, which were still significant at the 5% level, and 
for Zn which was not significant; and (c) highly 
significant for breakdown and scald. Rot and bitter pit F 
values were not significant. There were no significant 
treatment x period interactions measured in this 
experiment. 
To more clearly define the role of maturity in 
assessing physiological disorders, correlation coefficients 
relating titratable acidity, soluble solids, starch, and Ca 
to senescent breakdown, rot, and scald are shown in Table 
3. Of the 3 maturity indices, starch showed the strongest 
correlation to period, with r=0.66. Titratable acidity and 
soluble solids had much lower r values (-0.24 and 0.39, 
respectively). As expected (11,31), a positive 
period-breakdown correlation and a negative period-scald 
correlation existed. Of the 3 maturity indices defining 
period, starch levels showed the highest correlation to 
both senescent breakdown and scald. Period-rot correlation 
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TABLE 3. Correlation coefficients relating maturity indices 
and fruit calcium to physiological disorders. 
Variables 
Variables^ 
Per TA SS ST BD RT SC 
TA -0.24 
SS 0.39 1 o
 
• o
 
u>
 
ST 0.66 -0.31 0.46 
BD 0.45 0.10 0.28 0.46 
RT 0.01 0.33 -0.02 -0.19 0.28 
SC -0.71 0.19 -0.45 -0.64 -0.30 0.10 
Ca -0.27 -0.12 -0.20 -0.28 -0.59 -0.14 0.38 
^TA = Titratable acidity 
SS = Soluble solids 
ST = Starch 
BD = Breakdown 
RT = Rot 
SC = Scald 
Ca = Calcium 
Per = Period (Harvest Date) 
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values were negligible, however titratable acidity did 
correlate to rot more strongly, with r=0.33. Care must be 
taken in interpreting these data since rot values were 
quite low. 
The literature strongly links low Ca concentrations to 
the severity of senescent breakdown (9,10,33). This 
situation is exacerbated as increasing fruit maturity (and 
size) promote Ca dilution (10). Negative correlation 
coefficients for Ca-breakdown and for Ca-period are shown 
(Table 3). Among the period or maturity indices, Ca most 
strongly correlated with starch (r=-0.28). 
Calcium and maturity correlations involving scald and 
rot were less clear. However, a positive Ca-scald 
relationship existed. As previously mentioned, there were 
negative Ca-period and negative period-scald r values. When 
these correlations are taken together, a positive Ca-scald 
r value results (r=0.38). With rot, a negative, but weak 
correlation can be seen. 
Although correlation coefficients do not give a 
detailed picture, they do point to the best subjects for 
further study. Here, senescent breakdown data were the 
most promising since the r values mentioned above were 
strong and concurred with previous literature. 
Additionally, breakdown is a chronic storage problem; thus 
attempts to predict the degree of the disorder have 
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potential value for commercial application. In contrast, 
both scald and rot are commercially controllable by 
chemical treatments. For these reasons, data concerning 
senescent breakdown will be emphasized. 
The top portion of Table 4 presents the correlations 
of breakdown to the independent variables, both with and 
without the inclusion of Zn data. While attempts were made 
to ascertain all Zn values, contamination of some prepared 
samples coupled with inadequate additional sample material 
for yet more duplicates, rendered determination of Zn for 
all samples impossible. The r values indicate that by 
excluding Zn (which permitted inclusion of more samples 
because there were no longer any missing values), a broader 
base for prediction was possible while not drastically 
affecting the results. 
Fruit firmness was taken only during the last 2 
harvests and after storage; thus, the number of samples 
from which to obtain regression equations was only 36. In 
addition, it has been suggested that firmness readings 
embody many factors, of which maturity is only one (53). 
This is reflected in the relatively low r values for 
firmness as compared to starch in explaining senescent 
breakdown. For these reasons, fruit firmness as a maturity 
index will not be considered. 
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With the exclusion of Zn concentrations and firmness 
data, overall the r values for senescent breakdown were 
strongest with Ca, among the minerals, and with starch 
among the maturity indices. These data can be further 
analyzed in looking at r values for breakdown separately at 
each harvest date (n=18). Calcium-breakdown r values 
steadily strengthened over time by 66%. Starch-breakdown r 
values, on the other hand, were weak. 
Among harvest dates, titratable acidity-breakdown r 
values were all positive, while soluble solids-breakdown r 
values were not. Of all mineral-breakdown r values, P, N, 
and Al concentrations were more weakly correlated to 
breakdown with time. Boron-breakdown negative values 
remained essentially the same, K-breakdown r values 
remained positive, and Mn-breakdown values remained 
negative. Relationships among elements and maturity 
indices were generally poorer for scald and rot incidences 
than for breakdown incidence. Thus, data relating the 
various independent variables to rot and to scald can be 
seen in Tables 1 through 6 in the appendix since they will 
not be discussed in detail. 
The trends shown in Table 4 can be further quantified 
by step-wise multiple regression. Table 5 contains 
equations which predict senescent breakdown using all 
maturity indices in the same equation, and then in separate 
34 
TABLE 5. Step-wise multiple regression equations predicting 
senescent breakdown (BD) using titratable acidity (TA), 
soluble solids (SS), and starch (ST) as maturity indices in 
the same equation and in separate equations. 
%BD = 19.98 - 0.108(Ca) + 1.85(ST) - 0.027(B) - 0.227(Fe) + 
0.003(K) - 0.042(P) + 0.055(Mg) - 0.005 (N) + l.SKMn) 
+ 31.40(TA) + 0.144(SS) 
(Al F-value less than 0.01) 
%BD = 61.78 - 0.115(Ca) - 0.374(B) - 0.268(Fe) - 0.007(N) - 
0.047(P) + 0.003(K) - 80.7(TA) + 0.031(Mg) 
(Al and Mn F-value less than 0.01) 
%BD = 42.43 - O.llO(Ca) - 0.307(B) - 0.254(Fe) - 0.007(N) - 
0.047(P) + 0.002(K) + 0.905(SS) + 0.047(Mg) 
(Al and Mn F-value less than 0.01) 
= 24.70 - 0.109(Ca) + 1.79(ST) - 0.045(B) - 0.232(Fe) + 
0.003(K) - 0.043 (P) + O.OSKMg) - 0.005 (N) + l.SKMn) 
(Al F-value less than 0.01) 
%BD 
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equations. By employing starch, titratable acidity, and 
soluble solids together in the first equation, it is clear 
that starch is most important for predictive purposes, 
second only to Ca. Titratable acidity and soluble solids, 
on the other hand, were the least important factors to be 
entered, except for Al. 
Incorporation of the maturity indices into separate 
equations did not markedly alter their position or 
importance when compared to the first equation. It should 
be noted that the second and third equations were more 
similar to each other than they were to the first equation. 
If determining the differences between the second and the 
third equations, and the first equation, it is obvious that 
without starch. Mg became less significant and the 
importances of N and K became reversed. Conversely, the 
first and the fourth equations, which include starch 
together and separately, were very similar. These data 
clearly show that the most important maturity index for 
predicting breakdown is starch and that titratable acidity 
and soluble solids, as predictors, are about equal in 
significance. 
Again, drawing on the prediction equations (Table 5), 
the changes in the coefficients of multiple determination 
(R^) are presented in Table 6. Using all 3 indices, starch 
accounted for 10% of the variation while titratable acidity 
36 
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TABLE 6. Contributions to R for senescent breakdown using 
equations from Table 5. 
Maturity Index^ 
Variable 
TA,SS, 
& ST 
TA SS ST 
Ca 0.346 0.346 0.346 0.346 
B 0.030 0.064 0.064 0.030 
Fe 0.017 0.034 0.034 0.017 
N 0.003 0.032 0.032 0.002 
P 0.021 0.006 0.006 0.021 
K 0.016 0.001 0.012 0.016 
Mg 0.005 0.002 0.004 0.005 
A1 ns ns ns ns 
Mn 0.001 ns ns 0.001 
TA 0.001 0.005 — — 
SS 0.000 — 0.006 — 
ST 0.100 — — 0.100 
^TA = titratable acidity, SS = soluble solids, ST = Starch 
^ns = F-value less than 0.01 
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and soluble solids accounted for 0%. Even when the indices 
were incorporated separately, titratable acidity and 
soluble solids did not account for much more of the 
2 
variability; instead, R values for B, Fe, and N were about 
2 
doubled when compared to R values in which starch was 
2 
included. Regardless of the equation, the Ca R value did 
not change. 
By placing the equations into a practical framework 
(Table 7), total R values can be ascertained as well as 
the percent accuracy. Less total variation was accounted 
for by using either titratable acidity or soluble solids. 
2 
When starch was included in the fourth equation, the R 
values were the same as the r values in the first equation, 
2 
where all 3 indices were employed. In fact, the starch R 
accounted for about 19% of the total R , topped only by Ca 
2 
which accounted for about 64% of the total R . 
Per cent accuracy is an arbitrary measurement 
implemented by Bramlage, et al. (10). Predictions for 
breakdown are compared to actual values (Y vs Y). If the 
predicted value and the actual value are on the same side 
of 10%, the prediction is considered successful and the 
percent accuracy for that case is high. In this system, 
lots of fruit with predictions under 10% are considered 
safe for storage whereas lots of fruit with over 10% are 
considered risky for long term storage due to their high 
38 
2 
TABLE 7. Percent of variation accounted for (Total R ) and 
percent accuracy of prediction for senescent breakdown 
using equations (Table 5) that include maturity indices. 
2 
Maturity Index 
TA,SS TA SS ST 
Parameter & ST 
Total 54 50 50 54 
Accuracy (%) 95 93 91 95 
^TA = titratable acidity, SS = soluble solids, ST = starch 
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potential for breakdown. Table 7 shows that accuracy was 
highest when starch was used in the equation. Nothing was 
added by using titratable acidity or soluble solids, and 
when those indices were separately incorporated into 
equations, accuracy was lost. 
Therefore, these data indicate that maturity had an 
effect of predicting the storageability of apples. Of the 
3 maturity indices used, starch scores best strengthened 
the predictive powers of the breakdown equations. 
Experiment Two 
Mean values for mineral concentrations, size indices, 
and the amount of physiological disorders with respect to 
the 3 fruit size groupings are shown in Table 8. Of the 5 
minerals, Ca concentrations were most diluted (13%) as the 
fruit size increased. This effect was highly significant, 
whereas effects of fruit diameter on Mg, K, P, and N 
concentrations were not significant (Table 9). 
With increasing fruit size, fruit firmness at harvest 
decreased 17% and fruit firmness after storage decreased 
15% (Table 8). Both firmness at harvest and firmness after 
storage were significantly different among fruit of the 
different size groupings (Table 9). 
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TABLE 9. Analysis of variance for mineral concentrations, 
size indices, and physiological disorders. 
Variable 
Size 
F value^ 
Tree 
F value^ 
Calcium 6.65** 8.11** 
Magnesium 4.27 1.98* 
Potassium 4.60 0.27 
Phosphorus 6.61** 4.10* 
Nitrogen 0.15 1.15 
Firmness 5.30* 0.78 
(harvest) 
Firmness 29.82** 0.75 
(post-storage) 
Breakdown 18.20** 4.70** 
Rot 2.63 1.97 
Scald 0.10 4.74** 
^ 3 sizes of fruit per tree 
^ 10 trees, each a replicate 
*,** significant at 5% and 1% level, respectively 
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Of the physiological disorders, only senescent 
breakdown was significantly affected by size (Table 9). 
The 54% increase in breakdowwn occurrence may have 
reflected the dilution of Ca concentrations (10). Calcium 
levels were also linked to the occurrence of rot, but very 
weakly (Tables 3 and 10). The amount of rot for any given 
si ze was too low to make any accurate statistical 
assessment. On the other hand, the amount of scald was 
ample, and there were no significant differences among the 
sizes. This is consistent with reports that scald 
susceptibility is a function of fruit maturity but not 
fruit size (1,31). As in Experiment I, bitter pit 
incidence was too slight to be considered further. 
To more clearly define the role of size in assessing 
physiological disorders, correlation coefficients relating 
firmness at harvest, firmness after storage, fruit 
diameter, and Ca concentrations to senescent breakdown, 
rot, and scald are shown in Table 10. Of the 3 indices, 
diameter perfectly correlated to size since both sets of 
arbitrary values were synonymous. Post-storage 
firmness-size correlation was strong at -0.79 while harvest 
fruit firmness r value was somewhat weaker at -0.54. As 
expected (34), a strong and positive size-breakdown 
correlation existed with somewhat weaker correlations 
present for either of the firmness indices in relation to 
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TABLE 10. Correlation coefficients relating size indices 
and fruit calcium concentrations to physiological 
disorders. 
Variables^ 
Variables Size HAR STOR DIA BD RT SC 
HAR -0.54 
STOR -0.79 0.41 
DIA 1.00 -0.79 -0.54 
BD 0.61 -0.50 -0.41 0.61 
RT 0.31 -0.24 -0.11 0.31 0.28 
SC 0.03 -0.25 0.09 0.03 0.28 -0.16 
Ca -0.37 0.21 0.19 -0.37 -0.64 -0.07 -0.07 
2 
HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
BD = senescent breakdown 
RT = rot 
SC = scald 
Ca = calcium 
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breakdown incidence. The size-rot r value of 0.31 was 
strongest among the size indices. On the other hand, the 
size-scald correlation had virtually no correlation, 
whereas the fruit firmness at harvest-scald r value was 
0.25. 
As the r values illustrate, Ca concentrations are 
intimately related to both the incidence of breakdown and 
the size of the fruit. Of the size indices, Ca-diameter 
showed the strongest correlation at -0.37. Calcium's 
influence on rot and scald levels was negligible. 
The top portion of Table 11 illustrates the 
correlation of breakdown to the independent variables for 
all sizes combined, and then for each size taken 
separately. Calcium maintained a strong negative 
relationship to breakdown, which seemed to strengthen as Ca 
became more limiting. Nothing conclusive can be stated 
about the other minerals, perhaps because there were only 
10 cases per size with which to correlate. The same may be 
true for diameter and firmness r values which were strong 
when 30 samples were used but inconclusive when viewed 
according to a specific size. Since there is little 
consistency regarding rot and scald data with relation to 
size, results will not be discussed; however the data are 
presented in Tables 28 through 33 in the appendix. 
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Using all 30 samples, step-wise multiple regression 
equations which predict senescent breakdown appear in Table 
12. The first equation included all mineral variables as 
well as the 3 size indices. The second, third, and fourth 
equations included each size index separately into the 
model. 
Reminiscent of the starch placement in the maturity 
study diameter, as a size index, was the second most 
important variable in the equation, second only to Ca. 
Post-storage fruit firmness and firmness of fruit at 
harvest were in the fifth and the sixth positions 
respectively, with P and Mg following in placement. 
Unlike the maturity data, more changes occurred when 
equations were derived from individual size indices. Using 
harvest firmness not only increased the importance of Mg 
significantly, but decreased the importance of N. In the 
third equation, the importance of Mg was increased but so 
was the importance of post storage firmness. The fourth 
equation resembled the first equation; however. Mg again 
became more significant in comparison. 
Changes in correlations of multiple determination from 
equations predicting breakdown (Table 13) showed that among 
2 
the size indices, diameter was most important (R =0.158). 
Taken separately, diameter still accounted for 23% of the 
total R whereas harvest firmness accounted for only 7% and 
47 
TABLE 12. Step-wise multiple regression equations pre¬ 
dicting senescent breakdown (BD) using fruit firmness at 
harvest (HAR), fruit firmness post-storage (STOR), and 
fruit diameter (DIA) as size indices in the same equation 
and in separate equations. 
%BD = 48.11 - 0.410(Ca) + 11.04(DIA) + 0.007(K) + 0.043(N) 
- 4.18(STOR) - 2.36(HAR) - 0.119(P) + 0.103(Mg) 
%BD = 72.77 - 0.495(Ca) + 0.224(Mg) - 6.39(HAR) + 0.005(K) 
- 0.089(P) + 0.021(N) 
%BD = 53.13 - 0.467(Ca) + 3.44(STOR) + 0.182(Mg) + 0.038(N) 
+ 0.005(K) - 0.074(P) 
= -79.00 - 0.429(Ca) + 32.98(DIA) + 0.131(Mg) + 
0.005(K) - 0.027(N) - 0.086(P) 
%BD 
48 
2 
TABLE 13. Contributions to R for senescent breakdown 
using equations from Table 12. 
Size Index 
z 
HAR,STOR, HAR STOR DIA 
Variable & DIA 
Ca 0.406 0.406 0.406 0.406 
Mg 0.005 0.122 0.069 0.040 
K 0.040 0.008 0.018 0.011 
N 0.029 0.011 0.011 0.010 
P 0.005 0.011 0.013 0.017 
HAR 0.018 0.042 — — 
STOR 0.012 — 0.141 — 
DIA 0.158 . — . 0.147 
2 
HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
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post-storage firmness accounted for 20%. 
Magnesium's importance seemed most depressed by 
post-storage firmness and diameter, especially when used 
together. When fruit firmness at harvest was used alone, 
2 
Mg accounted for 20% of the total R . Conversely, 
potassium's relatively high R value in the first equation 
was lessened by more than 50% in each of the other 
2 
equations. Nitrogen's R values followed a similar course. 
2 
As for Ca, the R values remained unaffected regardless of 
the size index used. 
2 
Total R values (Table 14) showed that by using all 3 
size indices, the most variation could be accounted for. 
2 
When using the 3 indices separately, somewhat lower R 
2 
values resulted. Accuracy assessments mimicked those R 
values as the most accurate prediction equation employed 
all 3 size indices. Therefore, for predicting senescent 
breakdown, diameter seemed to be the best size index, at 
least in practical terms; however, by also using harvest 
firmness and post storage firmness, the predictions and the 
accuracy of the equations were improved. 
Even though these data are not as clear cut as the 
maturity data, one can see that fruit size markedly 
affected the predictablity of storage disorders, especially 
senescent breakdown. 
50 
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TABLE 14. Percent of variation accounted for (Total R ) 
and percent accuracy of predictions for senescent 
breakdown using equations (Table 12) that include size 
indices. 
Size Index 
z 
HAR,STOR, HAR STOR DIA 
Parameter & DIA 
Total R (%) 69 60 66 63 
Accuracy (%) 97 93 93 85 
^HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
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Experiment Three 
Table 15 shows mean values and ranges for 
microelements from 1980 and 1981. These data, including 
macronutrient variables, were then transformed by step-wise 
multiple regression into prediction equations (Table 16). 
Except for Ca, the importance of the elements, either macro 
or micro, was not consistent. For example, in 1980, Al was 
the first microelement to appear in the equation and B was 
the last. In 1981, the situation was reversed. 
2 
The R changes (Table 17) most clearly demonstrated 
the inconsistency between the two years. In 1980, Zn and 
Al were most important while B, Mn, and Fe accounted for 
2 
very little of the total R . In 1981, Mn was of no 
importance but then neither was Zn. Boron and Fe, on the 
other hand, were the only microelements that contributed 
2 
anything to the total R . (Copper concentrations were not 
determined in 1981). 
It can be seen from Table 17 that in 1980, the 
2 
microelements combined accounted for 11% of the total R , 
Al accounting for 4% and B accounting for 0%. In 1981, the 
2 
microelements accounted for 21% of the total R , Al 
accounting for 0% and B accounting for 14%. Although the 
results from the 2 years were inconclusive as to the role 
of microelements in predicting senescent breakdown, and the 
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TABLE 15. Mean values and ranges for microelements 1980 
and 1981. 
Element 
(ppm) 
B Zn Mn Fe Al 
Mean 16 14 2.2 2.8 2.5 • 00
 
27 41 15 28 
9 11 1.1 1.5 1.7 1.6 20 22 11 20 
22 20 5.1 5.1 4.2 2.8 46 57 23 37 
Range 
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TABLE 16. Step-wise multiple regression equations 
predicting senescent breakdown (BD) using data from 1980 
and 1981 which include microelements. 
1980 
%BD = 6.21 - 0.119 (Ca) + 0.003 UK) + 0. 389(A1) + 0. 991(Zn) 
- 0.021(P) — 1.17(Cu) + 0.003(N) - 0.101 (Fe) + 
0.318(Mn) 0.007(Mg) - - 0. 240 (B ) 
1981 
%BD = 57.54 - 0. 11 (Ca) - 0.409(B) - 0. 255(Fe) - 0. 008(N) + 
0.002(K) - 0 .040(P) + 0, .034 (Mg) - 0.300( Zn) — 
0.840(Mn) 0.028(A1) 
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TABLE 17. Coefficients of multiple determination for 
predicting senescent breakdown using equations from Table 
15. 
Element 1980 1981 
Ca 0.289 0.335 
B 0.000 0.067 
Zn 0.014 0.001 
Mn 0.002 0.000 
A1 0.016 0.000 
Fe 0.004 0.031 
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2 
R values were low in comparison to those seen in 
Experiments I and II, both years data for the amount of 
variation explained and for percent accuracy were similar 
(Table 18). Results for rot and scald predictions, 
however, were much more varied (Tables 34 through 39 in 
appendix). 
Therefore, it appears that microelement concentrations 
affect predictions, but to an uncertain degree. With 2 
years of data, results were not distinct although it 
. 2 
appeared that Mn contributed little to the total R in both 
years. 
Ideally, if the three objectives embodied in this work 
all affected prediction, then incorporation of the findings 
into a single model could perhaps improve the accuracy of 
prediction yet further. Since the effect of microelements 
on prediction was not clear, those data have been omitted. 
Table 19 incorporates both starch, which was shown to 
be the best index of maturity ( Tables 5, 6, and 7), and 
fruit diameter, which was shown to be the best single size 
index (Tables 12 and 13) for predicting senescent 
breakdown. Diameter placement superceded starch placement 
in the equation. In fact, the starch variable accounted 
for very little of the total R^ (Table 20) and slightly 
distracted from the per cent accuracy (Table 21). 
56 
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Table 18. Percent of variation accounted for (Total R ) 
and percent accuracy of prediction for senescent break¬ 
down using equations from 1980 (Table 15) that include 
microelement concentrations. 
Year 
1980 1981 
Parameter 
Total 42 48 
Accuracy (%) 93 89 
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Table 19. Predicting senescent breakdown using fruit dia¬ 
meter, starch and macronutrients. 
%BD = - 81.77 - 0.411(Ca) + 32.73(DIAMETER) + 0.135(Mg) - 
0.006(K) + 2.32(STARCH) - 0.107(P) + 0.002(N) 
58 
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TABLE 20. Contributions to R from equations with starch 
(Table 19) and without starch (Table 12) using fruit 
diameter as a size index and macronutrient concentrations. 
Starch included Starch excluded 
Variable 
Ca 0.406 0.406 
Mg 0.040 0.040 
K 0.011 0.011 
N 0.011 0.010 
P 0.019 0.017 
DIAMETER 0.147 0.147 
STARCH 0.013 — 
59 
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TABLE 21. Percent of variation accounted for (Total R ) 
and percent accuracy of prediction for senescent break¬ 
down using equations from Tables 12 and 19 which include 
and exclude the starch index. 
Starch included Starch excluded 
Parameter 
Total (%) 63 63 
Accuracy (%) 83 85 
CHAPTER V 
DISCUSSION 
Relationships between preharvest mineral 
concentrations and storage disorders have been elucidated 
(10,12,19,27,33,54,55). To date, 2 research teams have 
sought to quantitatively predict these relationships. The 
British at the East Mailing Experiment Station have worked 
primarily on bitter pit prediction in Cox's Orange Pippin 
(35), while the Americans at the University of 
Massachusetts have worked primarily on senescent breakdown 
prediction in McIntosh (9). 
Both systems are based on the tenet that preharvest 
mineral concentrations in the fruit are important 
post-harvest predictive tools, however, as stated 
previously, the British formula incorporates a fruit 
maturity factor, a fruit size factor, and a tree age factor 
(35). All variables in this formula, including the mineral 
concentrations, are converted to arbitrary scores which 
presumably best reflect the growing conditions in England. 
This system has worked well there and is used commercially, 
however in Massachusetts results were poor primarily 
because McIntosh fruit have inherently lower N and K levels 
than do Cox's Orange Pippin fruit. The formula could not 
accurately represent or account for these differences 
60 
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without arbitrary adjustments. 
To better represent the condition in Massachusetts, a 
statistical approach was taken. Using preharvest mineral 
concentrations as independent variables and the incidence 
of breakdown as dependent variables from corresponding 
samples stored at 0°C for 5 months, regression equations 
were derived. When the predictive accuracy of these 
formulas were compared to the predictive accuracy of a 
revised form of the British formula, which better reflected 
Massachusetts conditions, there was little difference 
(10). 
Although using the revised version of the British 
system appears to be easier initially (since computer time 
need not be spent), a more statistical system is 
advantageous in the long run. First, development of 
separate equations could be derived for specific 
conditions. For example, it has been shown that predictive 
accuracy is quite low for CA stored samples perhaps because 
the importance of the fruit's mineral composition is 
secondary while the fruit's ability to respond to low O2 
and high CO2 conditions may be primary (10,53). Equations 
for CA~stored fruit may be derived using other biochemical 
information as independent variables that might better 
explain breakdown incidence under those storage conditions. 
Through covariance analysis, there is also some evidence 
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which suggests that separate equations for fruit on 
seedling rootstocks and for fruit on MM7 rootstocks should 
be derived separately (52). Preharvest mineral analyses 
from fruit on the specific rootstock would serve as the 
independent variables. Second, the equations, and more 
saliently, the correlation coefficients, relate the 
intensity of association between independent and dependent 
variables from year to year. These r values exhibit trends 
which can be very useful information. Third, regression 
equations become better with time. Using several years of 
data, which have varying mineral concentrations and 
disorder ranges, improves the strength of new prediction 
equations (10). 
While nutrient ratios have served as correlative 
indices and even predictive tools (23), these ratios cannot 
successfully be employed in regression equations. For 
instance, when Ca is included in more than one ratio, 
essentially the effect of Ca is accounted for twice. Or, 
put another way, multicolinearity would result establishing 
inaccurate significance to the Ca component of the model 
(23,52). Therefore, if ratios are used in regression 
equations, each variable could only appear once. 
Even if variables are only used one time, as stated 
before, prediction equations should improve with several 
years of data. Development of a model which may be used 
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commercially may take an inordinant amount of time since 
one variable (a ratio) would, in effect, be comprised of 2 
variables. Thus, constants within the model would have to 
embody 2 fluctuating components of one variable, probably 
without significantly affecting prediction. 
While nutrient ratio incorporation may result in 
multicolinearity, incorporation of the fruit's maturity and 
size status using more than one index does not. This is 
because maturity and size are measured ways which relate 
differently to each other and differently to the dependent 
variable. Even though titratable acidity, soluble solids, 
starch, and fruit firmness significantly changed with 
maturity (Tables 1 & 2), starch levels declined 43% while 
total acids and soluble solids declined 23% and 26%, 
respectively. Because of these varying ranges, it was not 
surprising to see that the starch index most highly 
correlated to harvest date (Table 3). Titratable acidity 
and soluble solids r values were about half of that of 
starch in relation to harvest date. Further, since Ca 
concentrations did not decline drastically (although 
significantly) among harvest dates, the r value for 
starch-Ca did not far surpass the r values for 
starch-soluble solids or starch-titratable acidity. 
Early in the maturation continuum, malic acid levels 
are high since malic decarboxylase does not become fully 
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activated until the climacteric rise in respiration (37). 
(Evidence also suggests that this cytoplasmic malate 
decarboxylating system is suppressed by large 
concentrations of K (8,39), however there are not enough 
data to support or refute this claim). During ripening, 
malic acid levels decrease as the malate is converted to 
pyruvate which is then decarboxylated to acetaldehyde. In 
the absence of NADH, reduction of acetaldehyde to ethanol 
does not occur (42). This situation is usually not a 
problem with healthy fruit picked near normal harvest since 
large amounts of pyruvate are not present. Pyruvic acid 
accumulation is more prevalent in low ©2 or high CO2 
atmospheres within the fruit (42). Some controversy still 
exists as to whether or not cellular disorganization 
precludes acetaldehyde accumulation or the presence of 
acetaldehyde causes cellular disorganization (1,42). In 
either case, with the accumulation of the compound, 
senescent breakdown is likely to occur. 
Thus, acidity levels would correlate more to fruit 
quality and harvest date when NADH was limiting, such as in 
a storage situation. This premise is supported by 
Terblanche, et al. (44), who compared titratable acid 
levels in both sound and bitter pitted fruit. Generally, 
they found that sound fruit had higher titratable acid 
levels than did bitter-pitted fruit, but during the first 
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month of storage, accumulation of volatiles was far greater 
in the bitter-pitted fruit. It is therefore impractical to 
use titratable acidity as a maturity index because when the 
levels are likely to most strongly correlate to senescent 
breakdown, the fruit are already in storage. 
Fruit firmness data were taken for samples from the 
last two harvest dates and for all corresponding samples in 
air storage. There was only a 9% decrease in firmness for 
the last two harvest dates which was also reflected in low 
r values relating firmness to maturity (data not shown). 
This r value became stronger after storage probably because 
there were three harvest dates tested then while only the 
last 2 harvest dates were tested before storage. In 
addition, differences between sound fruit and poor fruit 
may become more evident after 5 months of storage stress. 
As with titratable acidity, using firmness as a maturity 
index at that time would be impractical. 
The remaining indices should, in some respects, 
complement each other. Amylase, the primary 
starch-hydrolyzing enzyme in apples, cleaves ocl-4 bonds 
between glucose units in starch (37) which results in 
increased soluble solids. Since the r value between starch 
and soluble solids is respectable (r=0.46), one might 
expect the starch component and the soluble solids 
component in the model to be similar in predicting 
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senescent breakdown. In fact, soluble solids accounted for 
less than 1% of the total sum of squares in the model while 
starch accounted for 10% (Table 6). 
This disparity might be due to the composition of 
soluble solids which includes disaccharides, such as 
sucrose as well as glucose and fructose. Starch is made up 
of glucose units only. Further, starch levels are a more 
accurate assessment of maturity because disappearance of 
starch is unequivocally a sign of maturation processes 
whereas the appearing sugars may be starch by-products only 
in part. And, as the season progresses, these sugars are 
most likely catabolized to meet the fruit's energy needs. 
So, while soluble solids measurements are good assessors of 
eating quality at harvest, they fare poorly as pre-harvest 
maturity indices for predicting senescent breakdown during 
storage. 
Step-wise multiple regression places independent 
variables in the equations according to the relative 
significance of those variables in explaining the dependent 
variable. In Table 4, starch was second only to Ca in the 
regression equation either used separately, or in concert 
with titratable acidity and soluble solids. The competence 
of starch in accounting for maturity differences is further 
seen in Table 7 where no additive effect was evident using 
all three maturity indices in the entire model in either 
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total R values or in percent accuracy when compared to 
just using starch in the entire model. 
Starch scores were the most important variable among 
the maturity indices, however under certain conditions 
starch scores may surpass Ca and account for the most 
variation in explaining senescent breakdown. Orchardists 
in higher elevations of New Hampshire have fruit Ca 
concentrations that could be potentially a high risk 
storage crop. With no CaCl2 applications, these McIntosh 
from New Hampshire have reportedly had little trouble with 
Ca related post-harvest disorders. The relative immaturity 
at which these northerly crops may be harvested most likely 
accounts for their successful storageability. 
Even though maturity may be more or less important 
than Ca in predicting breakdown incidence depending on 
locale, there is no question that maturity is 
quintessential in predicting scald incidence. A positive 
relationship between scald severity and early harvest has 
been established (1,31) and further documented in this 
study (Tables 1 & 2). Scald is not nearly as prevalent 
when fruit are kept in CA storage (53). 
Biochemically, scald incidence has been linked to 
autoxidation of oc-farnesene, which is at higher levels 
early in the maturity continuum. The oxidation products of 
oc-farnasene are conjugated trienes which are purported to 
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be directly responsible for scald development (1). If this 
is true, the reason for low scald incidence in CA storage 
becomes clear: Low oxygen levels thwart oxidation 
processes. 
With similar cx-farnesene levels, certain cultivars are 
more susceptible to scald injury than are others. This 
phenomenon may be explained by the inherent amount of 
antioxidants in the fruit (31). Golden Delicious, which are 
not highly prone to scald damage, probably have higher 
levels of antioxidants than McIntosh, which may be heavily 
affected by scald. 
In predicting scald incidence, starch was the most 
2 
useful variable accounting for over 75% of the total R 
(Table 27 appendix). However when considering the 
development of regression equations to predict scald 
incidence, one must weigh the monetary benefits of a crop 
with a low incidence of breakdown against the cost of 
antioxidant dips which are routinely applied to fruit 
destined for air storage. On the other hand, antioxidants 
represent chemical additives to food. At this point, 
prediction of scald incidence is certainly possible, but is 
it practical? 
A strong relationship between scald levels and fruit 
size did not exist, however a relationship between 
breakdown levels and fruit size did exist (Table 10). Large 
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fruit have low Ca levels, which are probably a result of 
dilution since little Ca import via the phloem occurs late 
in the season (20). The other macroelements are somewhat 
more mobile in the phloem as illustrated in Table 9 where 
the F values of Mg, K, P, and N among the sizes were not 
significantly different. As expected, among the 3 size 
indices (fruit diameter, fruit firmness at harvest, and 
fruit firmness after storage), differences were 
significant. Like the maturity data, a higher F value 
resulted with firmness measurements which were taken after 
storage since the fruit were under stressful senescing 
conditions. Thus, the differences between sound fruit and 
poor fruit became greater. Since prediction relies on 
preharvest data, fruit firmness data taken after storage 
is, again, of limited value. 
Of the 2 remaining indices, fruit diameter 
measurements accounted for the most variability explaining 
senescent breakdown while fruit firmness accounted for less 
(Table 13). Unlike starch scores, however, neither diameter 
nor fruit firmness directly relayed the size of the fruit 
in physiological terms. Diameter measurements are 
arbitrary; discrete fruit size categories must be 
determined and would perhaps vary from year to year. 
Diameter measurements are indirect; large fruit have less 
Ca, but they also may contain more water, or have better 
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growing conditions. As mentioned previously, fruit 
firmness also reflects fruit maturity and values vary 
depending on the person taking the data (53). 
When the 3 size indices were included in the same 
2 
equation, the total R and percent accuracy were higher 
than when each index was incorporated separately into the 
model (Table 14). This additive effect is not surprising 
for the reasons stated above: all size measurements were 
indirect and thus, higher variablilty was accounted for 
using the 3 indices in concert. 
Despite the fallibility of diameter as a physiological 
2 
measure of fruit size, it had the highest R value making 
it the best single index (Table 13). The percent accuracy 
was lowest using diameter in the entire model probably 
because actual fruit size was continuous within a specific 
category whereas with the equation derivation, these data 
were transformed into the mean size for each category. 
Thus, error was introduced making the percent accuracy 
lower. 
While incorporating maturity and size indices into 
equations affected the prediction of senescent breakdown, 
<?he value of incorporating microelement variables was 
indistinct (Table 18). Comparison of the data revealed 
that the only notable difference between the 2 years was 
with the R^ values of B (Table 16). In 1980, B had a very 
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low R value but in 1981, the R value was significantly 
higher. There was not a difference in the B range from one 
year to the next. 
Boron in excessive amounts has been shown to lead to 
early fruit maturation, increased incidence of watercore, 
and internal senescent breakdown (8). On the other hand, B 
deficiency can cause internal and external cork development 
perhaps because when B is in limited supply, Ca is not 
taken up as readily (6). In neither year was B or Ca in 
recognized excessive or deficient supply. The only 
macroelement concentration that significantly differed 
between the years was N. In 1981, N concentrations were 38% 
lower than concentrations in 1980. With the N/Ca ratio 
lower in 1981, one might expect B to have a lower r value 
when compared to 1980 since Ca would perhaps be more 
instrumental in accounting for variation in the model. 
This, however, was not the case. 
Unlike B, between the two years, the range and the 
concentration of A1 were greater in 1981. Although 
2 
aluminum's R value for 1981 was slightly larger than it 
was for 1980, placements of Al in the equations were 
radically different (Tables 16 and 17). This may be due to 
the ameliorating effect higher Ca levels may have had on 
heavy metals (48). Wallace has shown that high levels of 
Zn, Fe, Cu, and Mn decreased yields of bush bean plants 
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when grown in a nutrient solution and that the decrease was 
more pronounced when the Ca level of the nutrient solution 
-5 -4 
was 10 M than when it was 5x10 M. And, generally, the 
plants with low Ca levels contained higher concentrations 
of Zn, Cu, Mn, Fe, Al and Mo. It appears that a role of Ca 
may be that of buffering against excess of other elements 
(48). 
On the other hand, it seems that there are such low 
concentrations of microelements that reach the fruit, since 
most are immobile, that the slight amount of Ca in the 
fruit would be adequate to do any buffering needed. 
Conversely, adding Zn and Cu sprays have been useful in 
freeing Ca bound in oxalate (46). While the tenacity to 
which Zn and Cu bind to oxalate is interesting in a 
physiological realm, Ca sprays are likely to be more 
effective from a production standpoint. 
Thus, incorporation of microelements, especially B, 
into equations may affect the prediction of breakdown. To 
determine this, several years of data should be obtained, 
or perhaps nutrient spray treatments could be used to 
create the needed range variations. Regardless, 
microelement analysis is troublesome if an emission 
spectrophotometer is not used. Therefore, even if one or 
more of the elements affect prediction of breakdown, one 
must determine if that effect is meaningful enough to 
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warrant the analysis. To date, no such results exist. 
Even though the effects of microelement concentrations 
concerning prediction are indistinct, it has been shown 
that starch as a maturity index, and fruit diameter as a 
size index do influence prediction. Therefore, 
incorporation of these indices into one equation was 
accomplished by using the mineral and size data from 
Experiment II (Table 19). Starch tests were also performed 
on these fruit. 
In this work, fruit size had a marked influence over 
maturity which was not surprising. The fruit from which 
the data for these equations were derived had an arbitrary 
but vast range in sizes. The influence of starch, however, 
was not as distinct because all fruit were picked at normal 
harvest (Tables 20 and 21). Consequently starch scores 
varied little. There is no reason why these two factors 
could not be used concomitantly, however experiments to 
derive these formulas should be designed whereby adequate 
ranges for maturity as well as fruit size existed. 
Ultimately, one would hope to have a reliable 
prediction model which could be used from year to year. To 
test the versatility of this newly derived model which 
incorporated mineral variables, starch as a maturity index, 
and diameter as a fruit size index, it was applied to data 
obtained from 44 commercial orchards within Massachusetts. 
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Preliminary results were disconcerting since breakdown 
predictions were not only inaccurate, but most were well 
over 100%. The model contained a size constant which, as 
stated before, was derived from samples with a large size 
range. Incorporation of this constant skewed predictions 
upward for the commercial samples which varied little in 
size. The model was rederived using only starch plus the 
macronutrient variables. It should be noted that starch 
scores for both data sets ranged similarly since all fruit 
were picked around the same time. 
By applying this rederived model, which incorporated 
mineral variables and starch as a maturity index, to the 
data obtained from commercial orchards, accuracy was 
greatly improved. Using Ca as the only variable in the 
model, the predictive accuracy was a respectable 73%, 
however when both Ca and starch were used, the accuracy 
jumped to 85%. There was no improvement in accuracy by 
incorporating any other mineral variables (data not shown). 
With the exception of the Ca component in the model, 
no other macronutrient contributed to the accuracy. It must 
be remembered, however, that the accuracy measurement is an 
arbitrary one. In time, when the equations become more 
accurate, although it is unlikely that they will predict 
breakdown severity 100% of the time, this arbitrary 
accuracy measurement is likely to change. It is at that 
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time when the effects of the other macroelements, fruit 
size, and perhaps even microelement concentrations may aid 
in prediction. 
In conclusion, by incorporating starch as a fruit 
maturity index and fruit diameter as a fruit size index 
into a model based on preharvest mineral analysis, 
prediction of senescent breakdown was improved. Initial 
results revealed that the formula can be successfully 
applied to different data. A model, such as the one 
described, shows promise in commercial applications. 
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TABLE 22. Step-wise multiple regression equations 
predicting rot (RT) using titratable acidity (TA), sol¬ 
uble solids (SS), and starch (ST) in the same equation 
and in separate equations. 
%RT = 19.19 + 54.96(TA) - 0.454(B) - O.OOl(K) - 0.600(ST) 
- 0.019(Mg) + O.OlKCa) + 0.098(SS) - 0.019(A1) + 
0.543(Mn) - 0.009(Fe) 
(P and N F-value less than 0.01) 
%RT = 8.24 + 89.9(TA) - 0.354(B) - O.OOl(K) - O.OlKCa) 
- l.lKMn) - 0.014(Mg) + 0.003 (P) - 0.026(A1) + 
0.007(N) 
(Fe F-value less than 0.01) 
%RT = 15.08 - 0.358(B) - 0.019(Mg) - 0.183(SS) - 
0.009(Ca) + 1.33(Mn) - 0.0003(K) - 0.035(A1) + 
0.136(N) - 0.003(P) 
(N F-value less than 0.01) 
%RT = 25.95 - 0.480(B) - 0.747(ST) - 0.023(Mg) - 
O.OlKCa) - 0.007(K) - 0.003(P) - 0.015(Fe) - 
0.002(A1) + 0.547(Mn) 
(N F-value less than 0.01) 
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TABLE 23. Contributions to R for rot using equations 
from Table 22. 
Maturity Index^ 
TA,SS, TA SS ST 
Variable & ST 
B 0.032 0.032 0.061 0.061 
K 0.047 0.048 0.003 0.015 
Ca 0.016 0.008 0.005 0.015 
Mn 0.001 0.006 0.010 0.002 
Mg 0.026 0.005 0.023 0.065 
P ns^ 0.003 0.002 0.002 
A1 0.001 0.001 0.002 0.001 
N ns 0.001 0.003 ns 
Fe 0.001 ns ns 0.001 
TA 0.109 0.109 — — 
SS 0.003 — 0.009 
— 
ST 0.036 — — 0.076 
^TA = titratable acidity , SS = soluble solids , ST = 
starch 
^ns = F-value less than 0.01 
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TABLE 24. Percent of variation accounted for (Total R ) 
and percent accuracy of prediction for rot using equations 
(Table 22) that include maturity indices. 
2 
Maturity Index 
Parameter 
TA,SS 
& ST 
TA SS ST 
Total (%) 27 21 11 24 
Accuracy (%) 98 98 98 98 
TA = titratable acidity, SS = soluble solids, ST = starch 
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TABLE 25. Step-wise multiple regression equations 
predicting scald (SC) using titratable acidity (TA), 
soluble solids (SS), and starch (ST) in the same equation 
and in separate equations. 
%SC = 103.27 + 8.82(ST) + 0.139(Ca) - 1.39(A1) - 5.37(SS) 
+ 18.90(Mn) - 0.313(Fe) + 0.005(K) - 0.585(B) + 
0.013(N) - 0.047(P) + 104.7(TA) + 0.566(Mg) 
%SC = -180.69 + 0.197(Ca) + 475.13(TA) + 26.59(Mn) + 
0.240(Mg) - 1.21(A1) + 0.029(N) + 1.46(B) - 0.047(P) 
+ 0.003(K) 
(Fe F-value less than 0.01) 
%SC = -3.46 - 8.98(SS) + 0.146(Ca) - 0.009(K) - 1.58(Al) + 
28.3(Mn) + 0.026(N) - 0.212(Fe) + 0.019(Mg) + 
0.763(B) - 0.240(P 
%SC = 33.90 - 10.39(ST) + 0.170(Ca) - 1.16(A1) + 16.80(Mn) 
- 0.412(B) - 0.243 (Fe) + 0.128(Mg) - 0.075(P) + 
0.140(N) + 0.275(K) 
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TABLE 26. Contributions to R for scald using equations 
from Table 25. 
Maturity Index^ 
TA,SS, TA SS ST 
Variable & ST 
Ca 0.047 0.148 0.091 0.047 
A1 0.039 0.028 0.028 0.039 
Mn 0.019 0.042 0.046 0.016 
Fe 0.010 
y 
ns-^ 0.002 0.004 
K 0.009 0.002 0.049 0.002 
B 0.002 0.004 0.001 0.008 
N 0.002 0.021 0.022 0.004 
P 0.001 0.002 0.001 0.004 
Mg 0.001 0.026 0.002 0.003 
TA 0.001 0.055 — — 
SS 0.043 — 0.204 — 
ST 0.405 — — 0.405 
^TA = titratable acidity, SS = soluble solids, ST = 
starch 
^ns = F-value less than 0.01 
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TABLE 27. Percent of variation accounted for (Total R ) 
and percent accuracy of prediction for scald using 
equations (Table 25) that include maturity indices. 
Maturity Index^ 
Parameter 
TA,SS, 
& ST 
TA SS ST 
Total (%) 58 33 45 53 
Accuracy (%) 83 74 78 80 
^TA = titratable acidity, SS = soluble solids, ST = 
starch 
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TABLE 28. Step-wise multiple regression equations 
predicting rot (RT) using fruit firmness at harvest 
(HAR), fruit firmness post-storage (STOR), and fruit 
diameter (DIA) as size factors in the same equation 
and in separate equations. 
%RT = -36.38 + 0.026(P) + 9.28(DIA) + O.OOl(K) - 0.044(Mg) 
+ 0.491(STOR) + 0.018(Ca) + 0.249(HAR) - 0.003(N) 
%RT = -1.01 + 0.028(P) - 0.005(N) + O.OOl(K) - 0.012(Ca) 
(Mg and HAR F-value less than 0.01) 
%RT = 2.72 + 0.023(P) - 0.003(N) - 0.280(STOR) + 0.007(K) 
- O.OlKMg) - 0.005 (Ca) 
%RT = -17.46 + 6.30(DIA) - O.OOl(K) - 0.033(Mg) + 0.015(P) 
+ 0.015(P) + O.OlKCa) - 0.002(N) 
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TABLE 29. Contributions to R for rot using equations 
from Table 28. 
Size Index' 
HAR,STOR, HAR STOR DIA 
Variable & DIA 
P 0.110 0.110 0.110 0.110 
K 0.044 0.007 0.014 0.093 
Mg 0.023 ns^ 0.004 0.015 
Ca 0.008 0.007 0.001 0.005 
N 0.003 0.039 0.039 0.004 
HAR 0.007 ns — — 
STOR 0.010 — 0.018 — 
DIA 0.056 0.136 
z 
HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
F-value less than 0.01 
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TABLE 30. Percent of variation accounted for (Total R ) 
and percent accuracy of predictions for rot using 
equations (Table 28) that include size indices. 
Size Index^ 
HAR,STOR HAR STOR DIA 
Parameter & DIA 
Total R^ (%) 26 16 19 26 
Accuracy (%) 96 96 96 96 
^HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
91 
TABLE 31. Step-wise multiple regression equations 
predicting scald (SC) using fruit firmness at harvest 
(HAR), fruit firmness after storage (STOR), and fruit 
diameter (DIA) as size indices in the same equation and 
in separate equations. 
%SC = 311.36 = 5.55(HAR) - 58.9(DIA) + 0.002(K) - 
0.156(Ca) - 2.46(STOR) - 0.031(N) + 0.056(P) + 
0.078(Mg) 
%SC = 57.29 + 0.004(K) - 0.039(N) + 0.085(P) - 0.044(Ca) - 
0.085(Mg) - 1.58(HAR) 
%SC = 68.79 + 2.15(STOR) + 0.005(K) - 0.142(Mg) + 0.026(N) 
- 0.067(P) 
(Ca F-value less than 0.01) 
%SC = 30.70 + 0.004(K) - 0.040(N) + 0.094(P) - 0.042(Ca) - 
0.088(Mg) + 4.10(DIA) 
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TABLE 32. Contributions to R 
from Table 31. 
2 
for scald using equations 
Size Index^ 
Variable 
HAR,STOR, 
& DIA 
HAR STOR DIA 
K 0.044 0.053 0.055 0.053 
Ca 0.019 0.007 ns^ 0.007 
N 0.010 0.030 0.007 0.030 
P 0.007 0.020 0.009 0.020 
Mg 0.002 0.003 0.017 0.003 
HAR 0.062 0.003 — — 
STOR 0.013 — 0.062 — 
DIA 0.075 — — 0.001 
^HAR = fruit 
STOR = fruit 
firmness at harvest 
firmness post-storage 
DIA = fruit diameter at harvest 
^ns = F-value less than 0.01 
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TABLE 33. Percent of variation accounted for (Total R ) 
and percent accuracy of predictions for scald using 
equations (Table 31) that include size indices. 
Size Index 
z 
HAR,STOR HAR STOR DIA 
Parameter & DIA 
Total R^ (%) 23 12 15 11 
Accuracy (%) 67 53 53 50 
^HAR = fruit firmness at harvest 
STOR = fruit firmness post-storage 
DIA = fruit diameter at harvest 
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TABLE 34. Step-wise multiple regression equations 
predicting rot (RT) using data from 1980 and 1981 which 
include microelements. 
1980 
%RT = 7.45 + 1.77(Cu) - 1.03(Mn) - 0.031(Mg) - 0.013(B) - 
0.230(Fe) + 0.262(A1) - 0.020(Ca) + 0.003(N) + 
O.OOKK) + 0.338(Zn) - 0.005 (P) 
1981 
%RT = 11.87 - 0.344(B) - 0.016(Mg) - 0.271(Zn) + 1.53(Mn) 
- 0.004(P) + O.OOKN) - 0.032(A1) - O.OOKK) - 
0.004(Ca) + 0.091(Fe) 
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TABLE 35. Contributions to R for rot using equations 
from Table 34. 
Year 
Element 1980 1981 
Ca 0.021 0.001 
Mg 0.032 0.020 
K 0.007 0.001 
P 0.003 0.003 
N 0.036 0.003 
B 0.020 0.062 
Zn 0.006 0.010 
Mn 0.037 0.012 
A1 0.016 0.002 
Fe 0.010 
z 
ns 
Cu 0.053 
z 
ns F-value less than 0.01 
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TABLE 36. Percent of variation accounted for (Total R ) 
and percent accuracy of predictions for rot using 
equations from 1980 and 1981 (Table 34) that include 
microelement concentrations. 
Year 
Parameter 1980 1981 
Total (%) 24 11 
Accuracy (%) 98 98 
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TABLE 37. Step-wise multiple regression equation 
predicting scald (SC) which includes microelements 
from 1981. 
%SC = -157.51 + 8.53(Zn) - 28.86(Mn) - 1.06(A1) + 
0.027(N) + 0.222(Mg) + 0.124(Ca) + 0.006(K) + 
1.95(B) - 0.067(P) + 0.085(Fe) 
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TABLE 38. Contributions to R for scald using equation 
from Table 37. 
2 
Variable R Change 
Zn 0.203 
Mn 0.081 
A1 0.029 
N 0.028 
Mg 0.017 
Ca 0.009 
K 0.006 
B 0.005 
P 0.005 
Fe 0.005 
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TABLE 39. Percent of variation accounted for (Total R ) 
and percent accuracy of predictions for scald using 
equation from 1981 (Table 37) that includes microelement 
concentrations. 
Parameter 
1981 
2 
Total R Accuracy (%) 
0.388 56 
APPENDIX B 
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SUMMARY 
Three experiments were designed and conducted to 
determine: (1) if the effects of fruit maturity on 
prediction of storage disorders could be quantified; (2) 
the extent to which fruit size affects mineral 
concentrations and thus, affects prediction of storage 
disorders; (3) if microelement concentrations affect 
prediction of storage disorders. 
The results showed that: 
1. Fruit maturity did affect the prediction of sen¬ 
escent breakdown and scald. Among the 3 maturity indices 
(titratable acidity, soluble solids, and starch content), 
starch content was most highly correlated to senescent 
breakdown (r=0.46) and scald (r=-0.64). Coefficients of 
2 
multiple determination (R ) were 0.10 and 0.41, 
respectively. 
2. Fruit size did affect the prediction of senescent 
breakdown only. Between the 2 size indices (fruit diameter 
and fruit firmness at harvest) fruit diameter measurements 
were most highly correlated to breakdown (r=0.61) and to Ca 
concentrations (r=-0.37). Fruit firmness also correlated 
strongly to breakdown (r=-0.50). Fourteen percent of the 
2 
total sum of squares, or the R value, was accounted for by 
fruit diameter in explaining the variability in predicting 
senescent breakdown. There was an additive effect in the 
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2 
total R when both fruit diameter and fruit firmness were 
incorporated into one equation. 
3. With two years of data, effects of microelements in 
explaining senescent breakdown were indistinct. Boron may 
2 
aid in prediction since in 1980, the R value was 0.067, 
2 
however in 1981, the R value was 0.000. Among the other 
variables including Al, Zn, and Mn, only Mn consistently 
2 
contributed less tha 2% to the total R . 


